WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internationa] Patent Classification 6 : 




(11) International Publication Number: 


WO 98/13056 


A61K 35/78, A23K 1/14 


Al 


(43) International Publication Date: 






2 April 1998 (02.04.98) 



(21) international Application Number: PCT/NZ97/001 !9 

(22) International Filing Date: 25 September 1997 (25.09.97) 



(30) Priority Data: 
299441 
328049 



25 September 1 996 (25.09.96) NZ 
10 June 1997 (10,06.97) NZ 



(71) Applicant (for all designated States except US): INDUSTRIAL 

RESEARCH LIMITED iNZ/NZ]; Brooke House, 24 Bal- 
four Road, Pamcil, Auckland (NZ). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): MORGAN, Keith, Raymond 
[NZ/NZ]; 6 Oriental Stret, Petone (NZ), 

(74) Agents: HAWKINS, Michael, Howard et aL; Baldwin, Son 
and Carey, NCR Building, 342 Lambton Quay, Wellington 
(NZ). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ 
BA> BB, BG, BR, BY, CA, CH, CN, CU, CZ, CZ (Utility 
model), DE, I>E (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI, FI (Utility model), GB, GE, 
GH, HU, ID, JL, IS, JP, KE, KG, KP, KR, KZ, LC t LK, 
LR t LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO, 
NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK (Utility 
model), SL, TJ t TM, TR, TT, UA, UG, US, UZ, VN t YU, 
ZW, ARIPO patent (GH, KE, LS t MW, SD, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE. CH, DE, DK, ES, FI, FR, GB, 
GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF. BJ, 
. CF, CG, CI, CM, GA, GN, ML, MR, NE, SN, TD, TG). 



Published 

With international search report 

Before the expiration of the lime limit for amending the 
claims and to be republished in the event of the receipt of 
amendments* 



(54) Title: BETA-GLUCAN PRODUCTS AND EXTRACTION PROCESSES FROM CEREALS 
(57) Abstract 



A process for obtaining ^-glucan from cereal by extracting with water and without deactivation of enzymes associated with the 
cereal. A process for controlling the average molecular weight of /?-glucan extracted from cereal by controlling the extraction time. A 
process for recovering £-glucan from an aqueous solution of #-gtucan comprising free2ing the solution, allowing the solution to thaw and 
separating solids from the resultant suspension. A /?-glucan produced by any of these processes. A /?-g]ucan which forms a get when a 
heated solution of the /?-glucan cools; The use of jS-glucan in treating various health disorders, as an additive in cosmetics and foods, and 
as a film forming agent. A cereal from which ^-glucan has been extracted for use as animal feed or in brewing processes. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


si 


Slovenia 


AM 


Armenia 


Ft 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


t,U 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


t/v 


l-atvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


Tt> 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


ll- 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Stales of America 


CA 


Canada 


IT 


Italy 


MX 


Menico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Vtcr Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


vu 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


Ct 


Cote d'lvoirc 


KP 


Democrat People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


rx; 


Saint Lucia 


RU 


Russian ^deration 






r>E 


Germany 


U 


Liechtenstein 


SD 


Sodan 






DK 


Denmark 


LK 


Sri Lank* 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/13056 



- 1 - 



:- PC17NZ97/00119 



BETA-GLUCAN PRODUCTS AND EXTRACTION PROCESSES FROM 

CEREALS 

FIELD OF INVENTION 

This invention relates to novel substances which-can be extracted from 
cereals, novel extraction procedures, and the use of the products as 
therapeutic agents, biocompatible films and as additives in food and 
5 cosmetics. 

BACKGROUND 

B-Glucan polysaccharides present in cereals comprise D-giucopyranosyl 
units. The units are linked together by (1->3) or (l->4) ^-linkages. S- 
Glucans of this type comprise up to approximately 15% of the solids in 
10 oats and barley cereals. They typically have a molecular weight of around 
2.5 million. 



£-Glucans. are useful as soluble dietary fibre. Soluble fibre remains 
undigested except by colonic microflora in the lower intestines. This 
enhances the growth of bacteria beneficial to health, Soluble dietary fibre 
15 is believed to have a role in the prevention of certain diseases including 

colonic cancer and diseases associated with high serum cholesterol levels. 
Soluble fibre can be used for the treatment and prevention of constipation, 
for the improvement of bowel regularity, and for the regulation of the 
glycaemic response associated with the digestion of many substances. 

20 S-Glucans are considered to have hypocholesterofemic activity, ft-G!ucans 
are also useful as food ingredients. They have neutral flavours and provide 
bulk in addition to having desirable mouthfeel and texture characteristics. 
In this context, &-glucans are known as fat replacements in some foods. * 

The reported methods of extracting B-glucans from cereal involve a number 
25 of steps. First, the milled cereal is treated to deactivate enzymes 

associated with the cereal. Then the B-glucan is extracted from the cereal 
into warm water after which the solids are removed from the solution. 
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Large quantities of water-miscible organic solvents are added to the 
solution to precipitate the B-giucan, generally along with other 
polysaccharides. The 6-glucan is of low purity and of generally high 
molecular weight. It is also known to carry out the enzyme deactivation 
5 step after the water extraction rather than as a first step. The deactivation 
step inhibits hydrolysis of the B-giucan thereby maintaining a high average 
molecular weight of the &-gluean. 

Aqueous solutions of the G-giucan obtained via the known methods have 
minimal functionality with respect to temperature. They are generally high 
10 molecular weight gums and form viscous aqueous solutions although they 
do not dissolve in water easily. 

The fc-glucans obtained by the reported methods can contain arabinoxylans 
and starch. These impurities can be responsible for the formation. of 
viscous aqueous solutions during extraction which are difficult to process. 
1 5 Gummy or tacky solids can result when the solids are recovered as a dry 
product. These products are difficult to redissolve, even at high 
temperatures. 

The known methods of recovering B-glucan from the aqueous solution 
include precipitation of the fc-giucan by the addition of a water miscibie 
20 organic solvent (such as ethanol) followed by filtration; and spray- or 
freeze-drying of the precipitate. 

The extraction procedures suggested by the prior art have limited 
commercial potential in view of the number of steps and hence the cost 
involved. 

25 SUMMARY OF INVENTION 

It is an object of this invention to provide a fi-glucan product and a simple 
and effective method of extracting B~glucan, or to at least provide the 
public with a useful alternative. 
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In a first aspect of this invention there is provided a process for obtaining 
B-glucah, having a lower average molecular weight than in its native state, 
from cereal comprising: 

mixing the : cereal with water to form a slurry of an aqueous 
5 solution of B-glucan and a solid residue such that the B-glucan 

is partially hydrolysed by one or more enzymes associated with 

the cereal to give B-glucan having a lower average molecular 

weight than in its native state, 

separating the aqueous solution from the solid residue, and 
10 - recovering the B-glucan from the aqueous solution without 

deactivation of the one or more enzymes. 

Also provided is a process for obtaining B-glucan having a predetermined 

average molecular weight from cereal comprising: 

mixing the cereal with water to fcxrm a slurry of an aqueous 
15 component and a solid residue, wherein B-glucan is extracted 

from the cereal to form an aqueous solution of B-glucan, 
controlling the extraction time so that the B-giucan is partially 
hydrolysed by one or more enzymes associated with the cereal 
to give B-glucan having the predetermined average molecular 
20 weight 

separating the aqueous solution from the solid residue, and 
recovering the B-glucan from the aqueous solution. 

In accordance with a second aspect of this invention there is provided a 
process for recovering B-glucan from an aqueous solution of B-glucan 
25 comprising: 

freezing the solution, 

thawing the solution to give a precipitate in water, and 
separating the precipitate from the water, 
wherein the major non-aqueous component of the precipitate is B-glucan, 

30 The invention provides a B-glucan produced by any of the processes of the 
first and second aspects of the invention. 
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The invention aiso provides a B-glucan extracted from cereal which forms a 
gel when dissolved in heated water and then allowed to cool 



in accordance with a. further feature of the invention there is provided a 
composition containing S-giucan for use as a hypocholesterolemic agent. A 
5 composition containing B-glucan is also provided for use in treating or 
preventing constipation, for regulating bowel activity, or for regulating 
gtycaemic response. 

The invention aiso provides a method of treating hypercholesterolemia in a 
patient in need comprising administering to the patient an effective amount 
10 of ft-glucan. 

The invention further provides a method of treating or preventing 
constipation, a method of regulating bowel activity and a method of 
regulating glycaemic response, each method comprising administering to a 
patient in need an effective amount of (l-giucan. 

1 5 The invention provides the use of a B-giucan as a food ingredient, as an 
additive in cosmetic compositions, as a film forming agent in wound 
dressings and in food coatings, as a matrix for the slow release of an agent 
carried in the matrix, and for the modification of the properties of other 
polysaccharides. 

20 - The invention also provides an animal feed consisting of cereal from which 
S-glucan has been extracted to a substantia] extent. The invention further 
provides a cereal for use in brewing processes wherein B-glucan has been 
extracted from the cereal, 

DETAILED DESCRIPTION 

25 The cereal used in this invention may be any S-glucan containing grain or 
plant material including, but not limited to, barley, oats, rice, rye, triticale, 
maize and wheat. The preferred cereal is barley. In addition, waxy cereals 
have the advantage over non-waxy cereals that less leeching of amylose 
from the starch granules into the extraction solution occurs. 
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The physical properties of £-giucans depend largely on their average 
molecular weight, The expression "high molecular weight 6-glucan" as 
used herein means B^glucan having an average molecular weight . 
substantially similar to the average molecular weight of 6-glucan found in 
5 the cereal (typically 2 x 10** to 3 x 10 6 ). The expression "low molecular 
weight B-glucan" as used herein means ft-giucan having a lower average 
molecular weight 15 x 10^ to 1>5 x 10^) relative to the average molecular 
weight of S-glucan found in the cereal 

The average molecular weight of the S-glucan extracted from the cereal is 
10 a function of the amount of time the fS-glucan is in contact with one or 
more hydrolase enzymes associated with the cereal. Thus, when the 
cereal is mixed with water, the one or more hydrolase enzymes are 
believed to become activated with respect to reaction with the li-glucan. A 
portion of the &-glucan molecules are hydroiysed to smaller units leading to 
15 ft-g!ucan recovered from the extraction process having low molecular 
weight. 

The hydrolase enzymes associated with the cereal include enzymes 
endogenous to the cereal and also enzymes present in, or produced by, 
microorganisms which may have adhered to the cereal. 

20 The average molecular weight of E-glucan obtained by aqueous extraction 
of cereaL without deactivation of hydrolase enzymes, can be controlled by 
controlling the time of the extraction. In the process of the first aspect of 
the invention cereal is mixed with water to form a slurry so that £-glucan is 
extracted from the cereal into solution. The longer the extraction time, the 

25 greater the amount of hydrolysis of the f^giucan. Therefore, a tow 
molecular weight S-glucan can be obtained if no deactivation of the 
enzymes occurs. Additionally, fi-gtucan of predetermined average 
molecular weight can be obtained by predetermining the extraction time. 

The cereal may be extracted with water at any temperature in the range 0- 
30 80°C, preferably 3O-70°C, or more preferably 45-60°C. At temperatures 
above approximately 80°C, the enzymes associated with the cereal are 
thought to become deactivated. 
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lt will be appreciated that the yield of (5-glucan recovered from the cereai 
varies with water temperature during the extraction process. A higher 
temperature generally gives a higher yield. 

The cereal may be mixed with water adjusted to a pH in the range 1-10, 
5 preferably 5-8. 

!n addition to controlling the average molecular weight of the S-glucan by 
controlling the extraction time, the partial hydrolysis of the S-glucan is 
anticipated to be assisted by the addition of exogenous S-glucan 
hydrolysing enzymes to the mixture or by the addition of acid to the 
10 mixture. 

it is also anticipated that treatment of the aqueous mixture with an 
arabinoxylan degrading enzyme, such as a xyfanase, or a starch degrading 
enzyme, such as an amyiase r will lead to a B-glucan product of improved 
purity. 

15 Cooling the aqueous solution of £-glucan to a temperature between 
approximately 0°C and 10°C may lead to formation of a gel. 

Any of the known processes for recovering £-glucan from an aqueous 
solution or the process of the second aspect of this invention may be 
employed to recover the low molecular weight B-glucan. 

20 The cereal, which may be in the form of whole grain, bran, pollard, flour or 
other powder milled to a desired particulate size, may be stirred with water 
at approximately 50°C until a desired amount of fS-glucan is extracted into 
solution, for example, up to 48 hours, preferably up to 10 hours, more 
preferably up to 3 hours. The aqueous phase may then be separated from 

25 any remaining solid matter by centrifugation followed by decanting or 

filtration. The E-glucan present in the aqueous solution is then recovered 
preferably by the process of the second aspect of this invention. 

The average molecular weight of the low molecular weight te-glucan 
recovered may be in the range up to 1,500,000, preferably up to 600,000, 
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more preferably up to 300,000, for example, 5,000 to 50,000. It will be 
appreciated that the average molecular weight of the fi-gfucan recovered 
may vary from cereal to cereal and may vary depending on the form of the 
cereal. Hence, some experimentation may be required in order to 
5 predetermine the average molecular weight of the product for a given 
mixing time. 

The process of the second aspect of the invention relates to the recovery 
of B-glucan from an aqueous solution of S-glucan by freeze-thawing the 
solution. 

10 in this process, the aqueous solution can be formed by the process of the 
first aspect of this invention or by any of the known methods which result 
in a low molecular weight B-glucan product. The known methods generally 
require deactivation of the enzymes present in the cereal prior to the 
aqueous extraction of B-glucan. The B-glucan is then partially hydrolysed 

15 enzymatically or by treatment with acid to give iow molecular weight B- 
glucan. 

The aqueous solution is frozen at a temperature below 0°C, preferably at a 
temperature between approximately -20°C and -10°C. It does not appear 
to be important how long the solution is kept frozen. The frozen solution is 
20 then allowed to thaw, preferably by standing at room temperature (1 5- 
25°C1. 

The B-glucan product is recovered as a whitish solid particulate, gelatinous 
or stringy material which has precipitated out of solution. This is separated 
by filtration or other means from the aqueous phase and is essentially 
25 insoluble in cold water. The S-g!ucan product is then dried. Drying can be 
assisted by freezing the precipitate and then allowing it to thaw. This 
process removes further water from the solid material. 



The precipitate may be dried by any known means including air drying, 
pressing, washing with an alcohol, heating or freeze drying. 
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The resultant &-glucan product has been found to be of high purity, 
generally 70% by weight of the total solids or greater. Redissolving the £- 
giucan containing product in water followed by repeating the freezing and 
thawing steps, provides a fS-glucan product of higher purity for example, 
5 greater than 90%, 

While the process provides a B-giucan product of high purity, it is 
anticipated that the use of an arabinoxylan degrading enzyme, such as a 
xylanase, and/or a starch degrading enzyme, such as an amylase, will 
improve the purity of the R-glucan by making it easier to remove undesired 
10 arabinoxyians and starch as readily soluble oligosaccharides. The 

degrading enzyme may be used prior to the freezing and thawing steps or 
the B-glucan product recovered following the freezing and thawing steps, 
may be redissolved in water and treated with one or more such degrading 
enzymes. 

15 The fc-glucans so isolated have novel functional properties. Products 

obtained by known processes form viscous solutions that have little or no 
structure over a temperature range of 0 to 100°C. The fS-glucan produced 
by the present invention forms free-flowing solutions that can develop 
considerable structure* Gels may form at temperatures below 

20 approximately 60° C and concentrations above about 0.5% w/w, preferably 
above 1 % w/w. 

In a preferred embodiment of the invention, there is provided a ft-glucan 
product which forms a soft gel at a concentration above about 0.5% w/w. 

Preferably; the R-glucan product is dissolved when the water is heated to 
25 above approximately 60° C. A gel forms when the solution cools. 

Generally, ft-glucan of lower molecular weight forms gels rapidly. For 
example, a 30,000 molecular weight fc-glucan may begin to solidify after 
approximately 15 minutes whereas a 400,000 molecular weight ft-glucan 
may take approximately two hours to form a gel. Higher molecular weight 
30 B-glucans typically form stiffer gels. 
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Another feature of the invention is the use of the low molecular weight S- 
glucan to modify the properties of other polysaccharides, for example, 
other high molecular weight S-glucans. 

The B-glucan product of this invention may be used as an 
5 hypocholesterolemic agent. It is also useful for treating or preventing 
constipation and for the regulation of bowel activity. In addition, the f3- 
glucan productmay be used to regulate the glycaemic response, i.e. 
increased blood sugar levels, following the digestion of certain foods. 

The therapeutic agents of the invention can be prepared in composition 
10 form to be taken as tablets, capsules, solutions, suspensions or other type 
of composition. These compositions can be formed by any known method. 

The low molecular weight B-glucan of the invention can be utilised for 
purposes other than as an hypocholesterolemic agent, The unique 
functional properties will have a variety of uses particularly in processed 
15 food products, it is preferred in accordance with the invention to simply 

add the £-giucan to food products. Because the £~glucans are natural food 
components, it is believed the consumer resistance to modified or unnatural 
food additives will not be prevalent. 

One quality of the low molecular weight (J-glucans of this invention is that 
20 they have a good mouth feel. This makes them suitable as a fat mimetic in 
food products. Their ability to form films which are edible makes them 
potentially useful as food coatings, for example, glazings. The film forming 
properties of G-giucans also enable them to be useful as films for wound 
dressings. fc-Glucans appear to inhibit the formation of ice crystals in 
25 frozen foods. They are therefore useful in frozen foods where a smooth 
mouthfeei is desired, for example, ice cream. 

Additionally, the pores in the solid structure of the gelled or dried &-glucan 
product of this invention are anticipated to enable the B-glucans to be used 
as slow release agents for pharmaceuticals and for flavours, for example, in 
30 foods. 



BNSDOCl D: <WO 9813056A1 J_> 



WO 98/13056 



-10 - 



PCT/NZ97/00U9 



Cereals containing S-glucan are used as stock feed, particularly as poultry 
or pig feed. They will not be as effective as a nutrient in view of the anti- 
nutrient activity of the B-glucans. By extracting the R~glucans, the 
remaining solid material will have increased value as an animat feed. This 
5 will particularly be the case with barley. 

The invention further provides an animal feed containing cereals from 
which the £-glucan has been removed by a process involving solubiising the 
B-glucans into an aqueous solution and removing the solid material as the 
animal feed. The solid material may also be used in brewing processes to 
10 reduce problems such as clogged fillers caused by the precipitation of 

gtucans from solution during, processing. Typically at least 30% of the fi- 
glucan has been removed from the cereal. Preferably, at least 50% has 
been removed. More preferably, at least 80% of the fi-glucan has been 
removed. 

15 The following examples illustrate the invention but are not to be construed 
as limiting: 

Example 1: 

1 Kilogram of a barley finished pollard flour fraction was gently stirred with 
5 litres of water at 55°C for three hours. The solids were centrifuged off 
20 and the supernatant was frozen at -20°C. The solution was thawed and 
the fc-glucan solids remaining in the thawed solution were filtered and 
dried. The yield of fc-glucan product was 26 g. The product was 
characterised by solution NMR (Table 1). 
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Table 1 



Peak Frequency (ppm)* Peak Height 



103.04 


67 


102,79 


132 


84.96 


50 


79.21 


107 


76.17 


61 


75.37 


137 


74.70 


135 


73.82 


66 


73.51 


90 


68.65 


59 


61.27 


59 


60.71 


139 



15 *The NMR spectrum of the &-g!ucan product was'recorded in O2O at 
70°C. Peak positions are referenced to DMSO in water ( =39.47 ppm) 

Example 2: 

5 Grams of a barley finished pollard flour fraction containing 3.9% ft-glucan 
was mixed with 25 mi of water at 55°C. The mixture was occasionally 
20 stirred. After 2 hours the solids were centrifuged off and the supernatant 
was frozen at ~20°C for 12 hours. The frozen solution was thawed at 
room temperature and the precipitated f5-glucan product was filtered and 
oven dried at 80°C. Total yield of fl-glucan product was 0.19 g. 

Example 3: 

25 5 Grams of a barley bran flour fraction was mixed with 25 ml of water at 

55 °C. The mixture was occasionally stirred. After 2 hours the solids were 
centrifuged off and the supernatant was frozen at -20°C for 1 2 hours, The 
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frozen solution was thawed at room temperature and the precipitated S- 
glucan product was filtered and oven dried at 80 °C. Total yield of 6- 
glucan product was 0.065 g. 

Example 4 

5 5 Grams of a barley pollard flour fraction was mixed with 25 m! of water at 
55 °C, The mixture was occasionally stirred, After 2 hours the solids were 
centrifuged off and the supernatant was frozen at -20°C for 1 2 hours. The 
frozen solution was thawed at room temperature and the precipitated ft- 
glucan product was filtered and oven dried at 80°C, The solids remaining 

10 after centrifuging.were subjected to another extraction procedure identicaf 
to the first extraction procedure. Total yield of recovered B-glucan product 
was 0.19 g. 

Example 5 

5 Grams of a finished pollard barley flour fraction were heated with 
15 occasional stirring in 25 ml of distilled water at 55 °C for 1/2 hr. The solids 
were centrifuged off and the supernatant was frozen at -10°C. The frozen 
solution was thawed and the precipitated E-glucan product was filtered and 
dried. The yield of B-glucan product was about 0.1 6 g. The molecular 
weight of the product was examined using gel permeation chromatography 
20 (GPC). The results suggest that the average molecular weight of this 
product was about 560,000. 

Example 6 

140 Grams of a barley pollard flour fraction were heated at 50 °C in 700 ml 
of water with occasional stirring. After 0.5 hr the solids were removed by 

25 centrifuging. The recovered supernatant was then frozen at -10°C. After 
one day the frozen supernatant was allowed to thaw at room temperature. 
The thawed solution consisted of a gelatinous precipitate of B-glucan 
product which was removed by centrifugation. The gelatinous fc-glucan 
product was washed and then frozen and thawed for a second time to give 

30 a more fibrous &-glucah product. This product could be further dehydrated 
by pressing out excess water, washing with ethanol and then drying in air, 
The yield of fibrous G-glucan product was about 3 g. 
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Example 7 

A very pure R-glucan product was prepared as follows: 100 g of barley 
pofiard flour fraction was mixed with 500 ml of water at 55 °C. After 2 hr 
the solids were centrifuged off and the supernatant was then frozen at - 

5 10°C for one day. The frozen supernatant was thawed and the 

precipitated S-glucan product was removed by filtration. The recovered 
material was then redissolved in water at 80°C. The R-glucan solution 
was again frozen at -10°C for one day and allowed to thaw. The E-glucan 
product was recovered from solution by filtration and was washed with 

10 water. The filtrate was then oven dried. Yield of ft-glucan product was 3 g 
and a McCfeary assay [1] indicated that the purity was 95%. 

Example 8 

In a series of experiments a barley pollard fraction was extracted at 
different temperatures and for various times. Extraction temperatures were 

15 varied from ambient temperature {25 °C) to 55°C and extraction times 
were varied from 0.5 hours to 5 hours. Molecular weights were 
determined by gel permeation chromatography (GPC). For each experiment 
S-glucan was extracted from 5 g of barley pollard into 25 ml of water for 
varying times and extraction temperatures. The solids were centrifuged off 

20 and the supernatant was then frozen at -10°C for one day. The solution 

was then thawed at room temperature. The £-giucan that precipitated was 
filtered and dried. The yield was recorded and molecular weight profile 
was determined by GPC, Results are recorded in Table 2, Percentage 
yields given in Table 2 are based on total S-glucan content (6.8%) in the 

25 dry barley pollard [11. The yield has been corrected for the amount of liquid 
remaining in the solids after centrifuging and by assuming the 13-glucan 
content of the freeze/thaw precipitate is 80% (unless actually determined). 

Generally it was found that the yield only depended on the temperature of 
the extraction process whereas the molecular weight at the GPC peak 
30 maximum was dependent only on the extraction time. 
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Table 2 

EXTRACTION EXTRACTION YIELD 1 fc-GLUCAN MW AT PEAK 
TEMPI °C> TIME (hr) f%) CONTENT 2 MAXIMUM 

(%) 



25 0.5 32 83 62000 

5 2 33 53000 

3.5 34 45000 

5 34 36000 

35 5 29 29000 

40 0.5 78 79000 

10 45 2 47 49000 

5 34 31000 

55 0.5 48 84 > 100000 

2.75 84 62000 

5 68 35000 

15 1 . Calculation based on total £-giucan content of the barley 

pollard. 

2. McCteary assay for £-giucan {1]. 

ft] McCleary, B.V. and Codd, R. (1991) Journal of the Science of 
Food and Agriculture; 55, 303-312. 

20 Example 9 

5 Grams of a barley finished pollard flour was mixed with a 0.02 
moles/litre of hydrochloric acid solution and the mixture left for 0.5 hr, 
The acid was then centrifuged off and the remaining flour washed with 
two portions of water. Any remaining water was centrifuged off. The 
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wet flour was then mixed with 25 ml of water, and the water flour 
mixture was heated to 55°C for 2 hours. The solids were centrifuged 
off and the supernatant was frozen at -10°C for 12 hours. The frozen 
solution was then thawed and the gelatinous precipitate was collected 
5 and dried. Yield of ft-g!ucan product was 0.07 g. 

Example 10 

5 Grams of a barley finished pollard flour was mixed with 25 ml of 
water. The mixture was adjusted to pH = 10 with sodium carbonate 
solution. The mixture was then heated to 45 °C for 2 hr. Solids were 
10 centrifuged off and supernatant was then frozen at -10°C for 1 2 

hours. The frozen solution was then thawed and the fibrous precipitate 
was collected and dried. Yield of B-gluCctn product was 0.15 g. 

Example 1 1 

A high quality E-glucan product was produced by a seven step pilot 
15 plant extraction. 

1 . Extraction 

78.9 kg of black barley pollard was mixed with 400.2 kg of tap water 
at 50°C. The barley/water slurry was held at 50 C for 30 minutes. 

2. Solids Removal 

20 The slurry was then fed through an APV Scroll Decanter centrifuge at 
2.96 kg/minute. 313.6 kg of supernatant was produced. 

3. Clarification 

The supernatant from the scroll decanter was fed through a Westfalia 
SAOH Disc Stack centrifuge at 1.9 kg/minute. 303.2 kg of 
25 supernatant was collected. 
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4. Freeze Thaw 1 

The clarified supernatant was frozen and held at -18°C for 2 days. 
The frozen supernatant was then allowed to thaw at room temperature 
for 3 days. 

5 5. Concentration of Precipitated ft-Gfucan from Freeze Thaw 1 

Supernatant was decanted using a peristaltic pump. 60 kg of 
precipitate slurry remained after decanting. 

6. Clarification of Redissoived ft-G!ucan 

The precipitate slurry was heated to 80 °C for 30 minutes to redtssolve 
10 the precipitated £-giucan product. The solution was then passed 

through a Westfalia SAOH centrifuge at 80 C to remove fines. 56.1 
kg of clarified supernatant was obtained, 

7. Freeze Thaw 2 

The redissoived &-g)ucan was frozen at -18°C for 2 days. The frozen 
15 B-glucan was thawed at room temperature for 3 days. The slurry of 

glucan product and supernatant from the second freeze thaw was then 
passed through a Sharpies basket centrifuge at 1 litre per minute. The 
gelatinous 8-glucan product was then freeze-dried to remove remaining 
moisture. 

20 8. Yield 

The yield of ft-giucan product from the process was 1 .64 kg. 
Example 12 

A film was formed from the £-glucan product prepared in Example 6 as 
follows. 17 mg of the B-glucan product was dissolved in 0.5 ml of 
25 water at 80°C to form a clear solution. A 2.5 cm round pool of the 
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solution was then allowed to dry on a polyethylene template. The 
dried film of the glucan product was found to have good clarity and 
tensile strength. 

Example 13 

5 A moisturising cream was prepared from the following ingredients and 
the ft-glucan product prepared in Example 11. 

Mixture A 



ingredient Quantity 



Wheat germ oil 5 ml 

10 Tween 65 1,5 g 

Sorbitol stearate 1.5 g 

Cetyl alcohol 1 g 



Mixture B 



Ingredient Quantity 



1 5 Polyethylene glycol 5 ml 

B-glucan 0.75 g 

Water 35 mi 



Mixture B was heated to 70°C until all the JJ-glucan product had dissolved. 
Mixture A was melted at 70°C. Mixture B together with 0,2 g of n-propyi- 
20 4-hydroxybenzoate was then rapidly stirred with Mixture A at 70°C. The 
formulation was then allowed to cool to give the moisturising cream. 
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Example 14 

An Italian-style dressing was prepared from the following ingredients and 
the B-glucan product prepared in Example 1 1 . 



ingredient Quantity 



Water 


60 ml 


White wine vinegar 


40 ml 


Sugar 


8g 


Salt 


2g 


Garlic 


2g 


Dried paprika 


1 9 


Dried marjoram 


0.2 g 


Dried basil 


0.2 g 


B-glucan product 


2g 



The S-glucan product was dissolved in the water at a temperature of 
15 80°C. Ail the ingredients were immediately combined and blended for 3 
minutes in a food-processor fitted with a blade attachment. The mixture 
was then allowed to cool and gel at a temperature of 4°C to give the 
dressing. 

Example 15 

20 An ice-cream was prepared using the following ingredients and the £- 
giucan product prepared in Example 1 1 . 
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ingredients Quantity 



Water 60 m! 

Thick cream 20 ml 

Sugar 1 2 g 

5 Non-fat milk powder 1 5 g 

Vanilla 2 ml 

ft-glucan product 5 g 



The B-giucan product was dissolved in the water at 80°C and then 
immediately mixed with the other ingredients in a food processor fitted 
10 with a blade attachment. The mixture was processed for 5 minutes. The 
processed mixture was then frozen at a temperature of -15°C to produce 
an ice-cream having little or no ice crystal formation. 

Example 16 

An orange cake containing no added fat was prepared from the following 
15 ingredients and the B-giucan product prepared in Example 1 1 > 



Ingredients Quantity 



Cake flour 1 80 g 

Eggs (size 7) 2 

Sugar 85 g 

20 Freshly-squeezed orange juice 25 ml 

Water 60 ml 

Baking soda 1 g 

Tartaric acid 1 g 

S-glucan product 5 g 
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The orange juice and water were combined then heated to a temperature 
of 80°C. The R-gtucan product was then dissolved in the water and 
orange mixture at a temperature of 80°C. The mixture was then set 
aside for approximately 20 minutes to cool and gei. The eggs and sugar 
5 were blended in a cake mixer for 5 minutes. The dry ingredients were 

combined and mixed with the egg and sugar blend. The gelled orange and 
water mix was then biended in to this mixture. The resultant batter was 
baked in an oven at 1 60°C for 20 minutes. 

Although the invention has been described by way of example, it should 
10 be appreciated that variations and modifications may be made thereto, 
without departing from the scope of the invention as defined in the 
claims. Furthermore, where known equivalents exist to specific features 
given herein, such equivalents are incorporated as if specifically set forth 
herein. 

1 5 INDUSTRIAL APPLICABILITY 

The S-glucan products of this invention have a variety of uses. They are 
useful as additives in foods and in cosmetics due to their gel forming 
characteristics. They can form films which means they are useful as 
biocompatible films, for example, edible films for foods and films for use 
20 in wound dressings. The £-giucan products also have applications as 
pharmaceuticals, in particular, as cholesterol reducing agents. 
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CLAIMS: 

1 . A process for obtaining G-glucan, having a lower average 
molecular weight than in its native state, from cereal 
comprising: 

5 - mixing the cereaf- with water to form a slurry of an 

aqueous solution of B-glucan and a solid residue such 
that the fl-g\ucan is partially hydrolysed by one or 
more enzymes associated with the cereal to give a 8- 
glucan having a lower average molecular weight than 

10 in its native state, 

separating the aqueous solution from the solid residue, 
and 

recovering the fi-glucan from the aqueous solution 
without deactivation of the one or more enzymes. 

15 2. A process for obtaining S-giucan having a predetermined 
average molecular weight from cerea( r comprising: 

mixing the cereal with water to form a slurry of an 
aqueous component and a solid residue, wherein IS- 
giucan is extracted from the cereal to form an 

20 aqueous solution of &-glucan, 

controlling the extraction time so that the fc-giucan is 
partially hydrolysed by one or more enzymes 
associated with the cereal to give S-giucan having the 
predetermined average molecular weight, 

25 - separating the aqueous solution from the solid residue, 

and 

recovering the B-glucan from the aqueous solution. 

3. A process as claimed in claim 1 or claim 2 wherein the aqueous 
solution separated from the solid residue is cooled to a 
30 temperature between approximately 0°C and 10°C so that a 

gel forms and the fi-glucan is recovered from the gel. 
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4. A process as claimed in claim 1 or claim 2 wherein the cereal is 
a processed form or fraction of the cereal grain or cereal plant 
mate rial. 

5. A process as claimed in claim 1 or claim 2 wherein the cereal is 
5 mixed with water at a temperature in the range of 

approximately 0-80°C. 

6. A process as claimed in claim 1 or claim 2 wherein the 
temperature is in the range of approximately 45-60°C. 

7. A process as claimed in any one of the preceding claims 

10 wherein the cereal is mixed with water at a pH in the range of 

approximately 1-10. 

8. A process as claimed in any one of the preceding claims further 
comprising the step of adding one or more enzymes to the slurry 
or to the aqueous solution obtained from the separation step to 

1 5 assist the partial hydrolysis of the G-glucan, 

9. A process as claimed in any one of the preceding claims further 
comprising the step of adding acid to the slurry or to the 
aqueous solution obtained from the separation step to assist the 
partial hydrolysis of the £-glucan, * 

20 10. A process as claimed in any one of the preceding claims further 
comprising treating the slurry or the aqueous solution obtained 
from the separation step with an arabinoxylan degrading enzyme 
or a starch degrading enzyme so that the B-glucan obtained has 
reduced amounts of arabinoxylan or starch impurities. 

25 11. A process as claimed in ciaim 10 wherein the arabinoxylan 
degrading enzyme is xylanase. 

12. A process as claimed in claim 10 wherein the starch degrading 
enzyme is an amylase. 
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A process as claimed in any one of the preceding claims 
wherein the average molecular weight of the B-glucan is less 
than approximately 1 .5 x 10^, 

A process as claimed in any one of the preceding claims 
wherein the average molecular weight of the G-glucan is less 
than approximately 6.0 x 10^. 

A process as claimed in any one of the preceding claims 
wherein the average molecular weight of the B-glucan is less 
than approximately 3.0 x 1 05. 

A process as claimed in any one of the preceding claims 
wherein the average molecular weight of the ft-giucan is in the 
range of approximately 5 x 10^ to 5 x 10^. 

A process for recovering S-glucan from an aqueous solution of 
fc-glucan comprising: 

freezing the solution, 

thawing the solution to give a precipitate in water, 
and 

separating the precipitate from the water, 
wherein the major non-aqueous component of the precipitate is 
&-glucan> 

A process as claimed in claim 17 wherein the solution is frozen 
at a temperature between approximately -20°C and 0°C. 

A process as claimed in claim 17 wherein the solution is thawed 
at a temperature of approximately 1 5-25 °C. 

A process as claimed in claim 17 wherein the precipitate is 
separated from the water by filtration or centrifugation and is 
then dried. 

A process as claimed in claim 17 further comprising redissoiving 
in water the precipitate recovered from the water and repeating 
the freezing, thawing and separating steps. 
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22. A process as claimed in claim 17 wherein the precipitate is 
again frozen and then thawed to further remove water from the 
prebipitate. 

23. A process as claimed in any one of claims 1 7 to 22 wherein the 
5 B-gkicarx is greater than approximately 30% by weight of the 

total precipitate. 

24. A process as claimed in any one of claims 1 7 to 22 wherein the 
&-glucan is greater than approximately 70% by weight of the 
total precipitate. 

10 25. A process as claimed in any one of claims 1 7 to 22 wherein the 
R-glucan is greater than approximately 90% by weight of the 
total preciptitate* 

26. A process as claimed in claim 17 wherein an arabinoxyian 
degrading enzyme or a starch degrading enzyme is added to the 

1 5 aqueous solution containing S-glucan prior to freezing the 

solution so that undesired arabinoxyians or starch are degraded 
and the solids recovered from the suspension have reduced 
amounts of arabinoxyian or starch impurities, 

27. A process as claimed in claim 17 wherein the solids recovered 
20 from the suspension are redissolved in water and treated with 

an arabinoxyian degrading enzyme or a starch degrading enzyme 
followed by repeating the freezing, thawing and separating 
steps to give a precipitate having reduced amounts of 
arabinoxyian or starch impurities. 

25 28. A process as claimed in claim 26 or claim 27 wherein the 
arabinoxyian degrading enzyme is xylanase. 

29. A process as claimed in claim 26 or claim 27 wherein the starch 
degrading enzyme is an amylase. 
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30. - A process 1 -as claimed in any one of the preceding claims 
wherein the cereal is barley, oats, nee, rye, triticale, maize or 
wheat. 

31, A B-glucan obtained by the process of any one of the preceding 
5 claims. 

32. A 6-glucan extracted from cereal wherein the f5-glucan forms a 
gel when dissolved in heated water and then allowed to cool. 

33, A S-glucan as claimed in c\a\m 31 or claim 32 which has an 
average molecular weight of Ifcss than approximately 1.5 x 10^. 

10 34. A S-giucan as claimed in claim 31 or claim 32 which has an 
average molecular weight of less than 6-0 x 10^. 

35. A B-glucan as claimed in claim 31 or claim 32 which has an 
average molecular weight of less than 3,0 x 10 5 . 

36. A B-glucan as claimed in claim 31 or claim 32 which has an 

1 5 average molecular weight in the range of approximately 1 . 5 x 

10 6 . 

37. A £-giucan as claimed in claim 32 which forms a gel at a 
concentration above approximately 0.5% by weight in the 
water. 

20 38. A fc-glucan as claimed in claim 32 wherein the water is heated, 
to above approximately 60°C to dissolve the B-glucan. 

39. A composition for use as a hypocholesterolemic agent 
containing S-glucan together with an acceptable carrier. 

40. A composition for use in treating or preventing constipation 
25 containing R~giucan together With an acceptable carrier. 

41 . A composition for use in the regulation of bowel activity 
containing &-g!ucan together with an acceptable carrier. 
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42. , A composition for regulation of glycaemic response containing 

ft-glucan together with an acceptable carrier. 

43. A method of treating hypercholesterolemia in a patient in need 
comprising administering to the patient an effective amount of 

5 ft~giucan. 

44. A. method of treating or preventing constipation in a patient in 
need comprising administering to the patient an effective 
amount of S-glucan. 

45. A method of regulating bowel activity in a patient in need 

10 comprising administering to the patient an effective amount of 

fc-glucan. 

46. A method of regulating glycaemic response in a patient in need 
comprising administering to the patient an effective amount of 
B-giucan* 

15 47. The use of a 6-glucan as claimed in any one of claims 31 to 38 
as a food ingredient. 

48. The use of a B-glucan as claimed in any one of claims 31 to 38 
as an additive in cosmetic compositions. 

49. The use of a fc-giucan as claimed in any one of claims 31 to 38 
20 as a film forming agent in wound dressings and in food 

coatings. 

50. The use of a £-glucan as claimed in any one of claims 31 to 38 
as a matrix for the slow release of an agent carried in the 
matrix. 

25 51. The use of a (S-glucan as claimed in any one of claims 31 to 38 
for the modification of the properties of other polysaccharides. 
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52. The use of a S-glucan as claimed in any one of claims 31 to 38 
as an inhibitor of ice crystal formation in the preparation of 
frozen foods. 

53. An animal feed consisting of cereal from which (S-gtucan has 
5 been extracted, 

54. An animal feed as claimed in claim 53 wherein at least 
approximately 30% of the B-glucan has been extracted from the 
cereal. 

55. An animal feed as claimed in claim 53 wherein at least 

10 approximately 50% of the S-glucan has been extracted from the 

cereal. 

56. An animal feed as claimed in claim 53 wherein at least 
approximately 80% of the S-glucan has been removed. 

57. A cereal for use in brewing processes wherein the f3-giucan has 
1 5 been extracted from the cereal. 

58. A cereal as claimed in claim 57 wherein at least approximately 
30% of the £-giucan has been extracted from the cereal. 

59. A cereal as claimed in claim 57 wherein at least approximately 
50% of the [3-glucan has been extracted from the cereal. 

20 60. A cereal as claimed in claim 57 wherein at least approximately 
80% of the &-glucan has been extracted from the cereal. 

61 . A process for obtaining S-glucan from cereal substantially as 
herein described with reference to any one of Examples 1 to 1 1 . 

62. A process for recovering £-glucan from an aqueous solution of 
25 S-glucan substantially as herein described with reference to any 

one of Examples 1 to 11. 
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A R-glucan product obtained by a process as claimed in any one 
of claims T to 29 substantially as herein described with 
reference to any one of Examples 1 to 1 1 . 

The use of S-giucan substantially as herein described with 
reference to any one of Examples 12 to 16. 
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